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IMPORTANCE Two pathways have been hypothesized for the development of cutaneous
melanoma: one typically affects the head and neck, a site with chronic sun damage, and the
other affects the trunk, which is less exposed to the sun. However, the possible cause of limb
melanomas is less studied under this hypothesis.
OBJECTIVE To investigate the association between phenotypic characteristics, pattern of UV
radiation exposure, and risk of melanoma on different body sites.
DESIGN, SETTING, AND PARTICIPANTS This study used data on 161 540 women with information
on phenotypic characteristics and UV radiation exposure who were part of the Norwegian
Women and Cancer study, a population-based prospective study established in 1991 with
exposure information collected by questionnaires at baseline and every 4 to 6 years during
follow-up through 2015. Data analysis was performed from October 2017 through May 2018.
EXPOSURES Participants reported hair color, eye color, untanned skin color, number of small
symmetric and large asymmetric nevi, and freckling, as well as histories of sunburns,
sunbathing vacations, and indoor tanning in childhood, adolescence, and adulthood.
MAIN OUTCOMES AND MEASURES The Norwegian Women and Cancer study was linked to the
Cancer Registry of Norway for data on cancer diagnosis and date of death or emigration. Primary
melanoma site was categorized as head and neck, trunk, upper limbs, and lower limbs.
RESULTS During follow-up of the 161 540 women in the study (mean age at study entry, 50
years [range, 34-70 years]; mean age at diagnosis, 60 years [range, 34-87 years]), 1374
incident cases of melanoma were diagnosed. Having large asymmetric nevi was a significant
risk factor for all sites and was strongest for the lower limbs (relative risk [RR], 3.38; 95% CI,
2.62-4.38) and weakest for the upper limbs (RR, 1.96; 95% CI, 1.22-3.17; P = .02 for
heterogeneity). Mean lifetime number of sunbathing vacations was significantly associated
with risk of trunk melanomas (RR, 1.14; 95% CI, 1.07-1.22) and lower limb melanomas (RR, 1.12;
95% CI, 1.05-1.19) but not upper limb melanomas (RR, 0.98; 95% CI, 0.88-1.09) and head and
neck melanomas (RR, 0.87; 95% CI, 0.73-1.04; P = .006 for heterogeneity). Indoor tanning
was associated only with trunk melanomas (RR for the highest tertile, 1.49; 95% CI, 1.16-1.92)
and lower limb melanomas (RR for the highest tertile, 1.33; 95% CI, 1.00-1.76; P = .002 for
heterogeneity). Skin color, hair color, small symmetric nevi, and history of sunburns were
associated with risk of melanoma on all sites.
CONCLUSIONS AND RELEVANCE These results appear to support the hypothesis of divergent
pathways to melanoma and that recreational sun exposure and indoor tanning are associated
with melanoma on the lower limbs, the most common site of melanoma in women. These
findings appear to have important preventive implications.
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T he incidence of cutaneous melanoma (hereafter, mela-noma), has increased markedly in many fair-skinnedpopulations during the past decades.1 Melanoma was
responsible for approximately 1.6 million years of healthy
life lost globally in 2015, with the greatest burden in New
Zealand, Australia, Europe, and North America.2 Excessive sun
exposure is the foremost preventable risk factor and is respon-
sible for most melanomas.3 However, the association be-
tween sun exposure and melanoma is complex,4,5 and indi-
vidual risk also depends on pigmentary characteristics, such
as hair color, ability to develop a tan, and the type and num-
ber of nevi,5-7 which in turn are associated with inherited ge-
netic factors, age, and sun exposure.8,9
Two pathways have been hypothesized for the develop-
ment of melanoma.10,11 One typically affects areas of the skin
with long-term sun exposure, such as the head and neck in
older individuals (age, >55 years) with few melanocytic nevi.
The other pathway arises primarily on areas less exposed to
the sun, such as the trunk in younger individuals with mul-
tiple melanocytic nevi.12
A number of epidemiologic studies that compared indi-
viduals with trunk melanoma vs head and neck melanoma
support the existence of divergent pathways in melanoma
development,13-15 although some studies did not.16-19 More-
over, the possible cause of limb melanomas is less studied un-
der this hypothesis; because the lower limbs are the most com-
mon sites of melanoma among women, clarifying this cause
is important for prevention. In addition, even though it is
known that artificial UV radiation (UVR) causes melanoma,20-23
the pathways to melanomagenesis after indoor tanning have
not been explored, to our knowledge. We therefore exam-
ined the association between phenotypic characteristics, pat-
tern of UVR exposure, and melanoma risk on different body
sites using information from the large, population-based, pro-
spective Norwegian Women and Cancer (NOWAC) cohort study.
Methods
The NOWAC Cohort
The NOWAC study was established in 1991. A nationwide ran-
dom sample of more than 300 000 women aged 30 to 75 years
was drawn from the National Population Register; 171 725 women
(response rate, 54%) completed and returned the baseline ques-
tionnaire from 1991 to 2007 and received follow-up question-
naires every 4 to 6 years. Details on the NOWAC study and the
design have been published previously.24 Reproducibility of self-
reported melanoma risk factors in the NOWAC study was good
or acceptable and was independent of age, educational level, or
skin color.25 The Norwegian Data Inspectorate and the Re-
gional Committee for Medical Research Ethics approved the
study, and all participants provided written informed consent.
Follow-up and End Points
The unique identity number of Norwegian citizens was used
to link individuals from the NOWAC study to the Cancer Reg-
istry of Norway for information on cancer (diagnosis date and
histopathologic characteristics) and date of death or emigra-
tion. Primary tumor site was categorized using International
Classification of Diseases, Seventh Revision, codes as head and
neck (190.0), trunk (190.1 and 190.7), upper limbs (190.2), lower
limbs (190.3 and 190.4), other (190.5, 190.6, and 190.8), and
skin unspecified (190.9). Reporting of incident cancers to the
Cancer Registry of Norway is compulsory, and 99.9% of mela-
nomas are morphologically verified.26
Phenotypic Characteristics
Participants reported color of hair (dark brown and black,
brown, blond and yellow, or red), eyes (brown; green, gray, or
mixed; or blue), and untanned skin (recorded from 1 [very fair]
to 10 [very dark] and categorized as very dark [9-10], dark [7-
8], medium [4-6], and light [1-3]). Participants also reported
the number of asymmetric nevi larger than 5 mm on their legs
(recorded as 0, 1, 2-3, 4-6, 7-12, 13-24, and ≥25 and catego-
rized as 0, 1, and ≥2; a color brochure with pictures of 3 ex-
amples of asymmetric nevi was provided) and freckling after
sunbathing (yes or no). Subsamples of the cohort were asked
about the number of small symmetric nevi on their legs or arms
(categorized together as 0, 1-10, 11-50, and ≥50).
UVR Exposure
Residential ambient UVR was categorized according to region-
specific cumulated doses of UV-B as low (northern Norway),
medium-low (central Norway), medium (southwestern Nor-
way), and highest (southeastern Norway).27 Participants
reported history of severe sunburns (never, 1, 2-3, 4-5, and ≥6
times per year), mean number of weeks spent on sunbathing
vacations (never, 1, 2-3, 4-6, and ≥7 weeks per year), and
mean use of an indoor tanning device (never; rarely; 1, 2, and
3-4 times per month; and >1 time per week) in childhood (age,
≤9 years), adolescence (age, 10-19 years), and adulthood (age,
>19 years).
We summed and categorized the mean number of sun-
burns before age 20 years and at ages 20 to 49 years as none, 1
or fewer, and more than 1 per year. We further calculated mean
annual lifetime number of sunburns by dividing the cumula-
tive number of burns by age. Likewise, we summed and cat-
egorized the mean number of weeks spent on sunbathing va-
cations before age 20 years and at ages 20 to 49 years as none,
1 or fewer, and more than 1 week per year, and calculated mean
Key Points
Question Do phenotypic characteristics and pattern of UV
radiation exposure differ according to body site of melanoma?
Findings In this population-based cohort study, associations with
large asymmetric nevi, sunbathing vacations, and indoor tanning
differed significantly among melanoma sites. Skin color, hair color,
small symmetric nevi, residential ambient UV radiation, and
sunburns were associated with melanoma risk on all sites.
Meaning This study adds to the supporting evidence of divergent
pathways to melanoma and suggests similar risk profiles for lower
limb and trunk melanomas and for upper limb and head and neck
melanomas.
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annual lifetime number of weeks on sunbathing vacations. In-
door tanning history was categorized as never use or ever use,
and cumulative number of tanning sessions was calculated and
categorized as never and in the following tertiles for users: low-
est (≤14 sessions), medium (15-30 sessions), and highest (≥31 ses-
sions) tertile.21 A subsample of women (n = 66 300) was asked
if they work outdoors professionally (yes or no). Sunscreen use
in Norway or other high latitude countries and low latitude coun-
tries was collected by questionnaire as described in detail pre-
viously and was categorized as none, sun protection factor less
than 15, and sun protection factor of 15 or more.28
Study Sample
Information on phenotypic characteristics and UVR expo-
sure was collected for 162 834 women at baseline (eFigure in
the Supplement). We excluded 290 participants with very dark
skin (grades 9-10), 915 women with prevalent melanoma or
squamous cell carcinoma of the skin, and 89 women who died
or emigrated before the date of questionnaire return, result-
ing in 161 540 women for the analysis.
Statistical Analysis
Poisson regression analysis was used to estimate relative risks
(RRs) and 95% CIs for overall and site-specific risk of mela-
noma, according to phenotypic characteristics and UVR ex-
posure. A standard competing risk framework was used for
each site. Person-years were calculated from date of baseline
questionnaire to date of diagnosis, emigration, death, or the
end of follow-up (December 31, 2015), whichever occurred first.
Lifetime number of sunburns, weeks of sunbathing vaca-
tions, and cumulative number of indoor tanning sessions were
included as time-varying variables in all models. Multino-
mial logistic regression was used and odds ratios and 95% CIs
were calculated to compare age at diagnosis and tumor char-
acteristics by site.
All analyses were adjusted for attained age and birth co-
hort. In the multivariable analyses of phenotypic character-
istics, we adjusted for skin color, hair color, number of large
asymmetric nevi, freckling, and residential UVR exposure.
Additional adjustments for education and sunscreen use did
not change the results. In the analyses of UVR exposures, mod-
els included skin and hair color, educational level, and resi-
dential UVR exposure. Additional adjustment for large asym-
metric nevi, freckling, and sunscreen use did not change the
results.
We tested for trend by treating the variable as continuous
in the model. Interactions between host factors, number of
nevi, and sun exposure are suggested in the literature.12,29 We
tested for interactions between hair color, the most impor-
tant host factor for melanoma in this cohort,30 and small sym-
metric nevi, large asymmetric nevi, and freckling, as well as
between sunbathing and large asymmetric nevi and small sym-
metric nevi, using a likelihood ratio test. We tested whether
exposure-disease associations differed among the sites by a
contrast test (test for heterogeneity).31 For covariates with miss-
ing information, missing values were treated as a separate cat-
egory and were included in the models. All P values were
2-sided and results were deemed to be statistically signifi-
cant at P < .05. Stata, version 14 (Stata Corp), was used in all
analyses.
Results
During 2 682 000 person-years of follow-up (median, 18.0
years), 1374 women were diagnosed with a primary invasive
melanoma. Mean age at study entry was 50 years (range, 34-70
years) and at diagnosis was 60 years (range, 34-87 years). The
lower limb was the most common site of melanoma (n = 520),
followed by the trunk (n = 461), upper limb (n = 219), head and
neck (n = 110), and other and unspecified (n = 64) (Table 1).
Mean age at diagnosis was lowest for the lower limb (59
years [range, 34-85 years]) and highest for head and neck
(64 years [range, 42-84 years]). In particular, 27.3% of head
and neck melanomas (30 of 110) and 15.5% of upper limb
melanomas (34 of 219) were diagnosed in the eighth decade
of life; corresponding proportions were 8.7% for the lower
limb (45 of 520) and 10.0% for the trunk (46 of 461) (Table 1
and eTable 1 in the Supplement). The proportion of superfi-
cial spreading melanoma was higher for trunk and lower
limb melanomas compared with head and neck and upper
limb melanomas (Table 1 and eTable 1 in the Supplement).
Breslow thickness was comparable among the 4 body sites
(eTable 1 in the Supplement).
Phenotypic Characteristics
Lighter skin color was associated with significantly increased risk
of melanoma overall and at all body sites (trunk: RR, 2.32; 95%
CI, 1.50-3.58; P < .001 for trend; lower limb: RR, 1.61; 95% CI, 1.14-
2.30; P = .002 for trend; upper limb: RR, 2.22; 95% CI, 1.14-4.31;
P = .03 for trend; and head and neck: RR, 1.53; 95% CI, 0.75-3.11;
P = .04 for trend), with no statistically significant variation by site
(P = .84 for heterogeneity) (Table 2). Similarly, red hair was as-
sociated with significantly increased melanoma risk across all
sites (trunk: RR, 3.30; 95% CI, 2.09-5.21; P < .001 for trend; lower
limb: RR, 4.70; 95% CI, 3.11-7.11; P < .001 for trend; upper limb:
RR, 4.97; 95% CI, 2.65-9.30; P < .001 for trend; and head and
neck: RR, 2.50; 95% CI, 1.09-5.73; P = .05 for trend; P = .62 for
heterogeneity). Freckling was significantly associated with mela-
noma overall (RR, 1.31; 95% CI, 1.15-1.48) and melanoma of up-
per limbs (RR, 1.43; 95% CI, 1.05-1.96) and lower limbs (RR, 1.42,
1.17-1.43), but with no significant difference by site (P = .35 for
heterogeneity). Having large asymmetric nevi was also a signifi-
cant risk factor for all body sites; association was strongest for
lower limbs (RR, 3.38; 95% CI, 2.62-4.38) and weakest for upper
limbs (RR, 1.96; 95% CI, 1.22-3.17) (P = .02 for heterogeneity).
Smallsymmetricneviwereassociatedwithmelanomaonallbody
sites alike (trunk: RR, 3.48; 95% CI, 2.42-5.00; P < .001 for trend;
lower limb: RR, 2.49; 95% CI, 1.80-3.45; P < .001 for trend; up-
per limb: RR, 2.19; 95% CI, 1.28-3.74; P < .001 for trend; and head
and neck: RR, 2.56; 95% CI, 1.24-5.29; P = .004 for trend; P = .31
for heterogeneity). We found no significant interactions between
hair color and number of large asymmetric or small symmetric
nevi or freckling (P = .09 and P = .70 for interaction), although
indications of joint effects were found for light hair color and both
large and small nevi (eTable 2 in the Supplement).
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Table 1. Host and Tumor Characteristics Among Women With Incident Melanoma in the Norwegian Women
and Cancer Study by Body Site, 1991-2015
Characteristic
No. (%)







Age at enrollment, y
30-39 168 (12.8) 58 (12.6) 73 (14.0) 30 (13.7) 7 (6.4)
40-49 551 (42.1) 190 (41.2) 228 (43.8) 88 (40.2) 45 (40.9)
50-59 411 (31.4) 155 (33.6) 167 (32.1) 58 (26.5) 31 (28.2)
≥60 180 (13.7) 58 (12.6) 52 (10.0) 43 (19.6) 27 (24.5)
Age at diagnosis, y
<50 139 (10.6) 37 (8.0) 76 (14.6) 17 (7.8) 9 (8.2)
50-59 448 (34.2) 175 (38.0) 181 (34.8) 64 (29.2) 28 (25.5)
60-69 568 (43.4) 203 (44.0) 218 (41.9) 104 (47.5) 43 (39.1)
≥70 155 (11.8) 46 (10.0) 45 (8.7) 34 (15.5) 30 (27.3)
Educational level, y
≤9 240 (18.3) 81 (17.6) 95 (18.3) 39 (17.8) 25 (22.7)
10-12 449 (34.3) 167 (36.2) 175 (33.7) 71 (32.4) 36 (32.7)
≥13 554 (42.3) 190 (41.2) 226 (43.5) 97 (44.3) 41 (37.3)
Missing 67 (5.1) 23 (5.0) 24 (4.6) 12 (5.5) 8 (7.3)
Skin color
Dark 79 (6.0) 23 (5.0) 37 (7.1) 10 (4.6) 9 (8.2)
Medium 497 (37.9) 180 (39.0) 196 (37.7) 87 (39.7) 34 (30.9)
Light 512 (39.1) 184 (39.9) 198 (38.1) 80 (36.5) 50 (45.5)
Missing 222 (16.9) 74 (16.1) 89 (17.1) 42 (19.2) 17 (15.5)
Eye color
Brown 126 (9.6) 43 (9.3) 52 (10.0) 21 (9.6) 10 (9.1)
Green, gray, or
mixed
488 (37.3) 153 (33.2) 199 (38.3) 88 (40.2) 48 (43.6)
Blue 661 (50.5) 253 (54.9) 256 (49.2) 102 (46.6) 50 (45.2)




140 (10.7) 50 (10.8) 50 (9.6) 21 (9.6) 19 (17.3)
Brown 397 (30.3) 137 (29.7) 161 (31.0) 70 (32.0) 29 (26.4)
Blond or yellow 646 (49.3) 236 (51.2) 258 (49.6) 100 (45.7) 52 (47.3)
Red 96 (7.3) 29 (6.3) 41 (7.9) 18 (8.2) 8 (7.3)
Missing 31 (2.4) 9 (2.0) 10 (1.9) 10 (4.6) 2 (1.8)
Freckling when
sunbathing
No 604 (46.1) 225 (48.8) 230 (44.2) 92 (42.0) 57 (51.8)
Yes 508 (38.8) 173 (37.5) 217 (41.7) 83 (37.9) 35 (31.8)
Missing 198 (15.1) 63 (13.7) 73 (14.0) 44 (20.1) 18 (16.2)
Large asymmetric
nevi on legs, No.
0 898 (68.5) 331 (71.8) 337 (64.8) 154 (70.3) 76 (69.1)
1 128 (9.8) 33 (7.2) 74 (14.2) 16 (7.3) 5 (4.5)
≥2 158 (12.1) 54 (11.7) 72 (13.8) 19 (8.7) 13 (11.8)
Missing 126 (9.6) 43 (9.3) 37 (7.1) 30 (13.7) 16 (14.5)
Small symmetric
nevi on arms and
legs, No.
0 62 (4.7) 17 (3.7) 22 (4.2) 14 (6.4) 9 (8.2)
1-10 206 (15.7) 61 (13.2) 85 (16.3) 39 (17.8) 21 (19.1)
11-50 277 (21.1) 102 (22.1) 106 (20.4) 48 (21.9) 21 (19.1)
≥51 165 (12.6) 62 (13.4) 69 (13.3) 22 (10.0) 12 (10.9)
Missing 600 (45.8) 219 (47.5) 238 (45.8) 96 (43.8) 47 (42.7)
(continued)
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UVR Exposure
Compared with women with trunk or lower limb melanomas,
a higher proportion of women diagnosed with upper limb or
head and neck melanomas reported no sunbathing vacations
or never use of indoor tanning devices during adulthood
(Figure). For number of sunburns, proportions were compa-
rable for all women (Figure). Similar patterns were observed
for sunburns, sunbathing, and indoor tanning before age 20
years.
Living in lower latitudes in Norway was associated with
increased melanoma risk on all sites (trunk: RR, 2.45; 95% CI,
1.80-3.35; P < .001 for trend; lower limb: RR, 2.60; 95% CI,
1.92-3.52; P < .001 for trend; upper limb: RR, 1.57; 95%
CI, 1.08-2.30; P = .05 for trend; and head and neck: RR, 2.15;
95% CI, 1.18-3.94; P = .02 for trend; P = .22 for heterogeneity)
(Table 3). Having outdoor work was significantly associated
with increased risk of head and neck melanoma (RR, 2.07;
95% CI, 1.06-4.04; P = .21 for heterogeneity). We found no
significant difference by site for history of sunburns before
age 20 years, before 20 years and 20 to 49 years combined,
and mean lifetime sunburns.
History of sunbathing vacations before age 20 years was
significantly associated with lower limb melanoma (RR, 1.72;
95% CI, 1.35-2.18; P < .001 for trend) but not other sites (trunk:
RR, 1.24; 95% CI, 0.95-1.62; upper limb: RR, 1.01, 95% CI, 0.66-
1.54; and head and neck: RR, 0.58; 95% CI, 0.30-1.11; P = .007
for heterogeneity). Moreover, when combining histories of sun-
bathing before age 20 years and 20 to 49 years, the highest cat-
egory of exposure was associated with increased risk of trunk
(RR, 1.71; 95% CI, 1.06-2.76) and lower limb melanomas (RR,
1.67; 95% CI, 1.13-2.47) and decreased risk of head and neck
melanoma (RR, 0.41; 95% CI, 0.18-0.93; P = .002 for interac-
tion). Mean lifetime number of weeks of sunbathing vacation
was also associated with significantly increased risk of trunk
(RR, 1.14; 95% CI, 1.07-1.22) and lower limb melanomas (RR,
1.12; 95% CI, 1.05-1.19), but not with upper limb melanomas
(RR, 0.98; 95% CI, 0.88-1.09) and head and neck melanomas
(RR, 0.87; 95% CI, 0.73-1.04); (P = .006 for heterogeneity). We
found no significant interaction between sunbathing and large
asymmetric or small symmetric nevi (P > .10 and P < .89 for
interaction).
Women reporting ever engaging in indoor tanning had
significantly increased melanoma risk overall (RR, 1.18; 95%
CI, 1.02-1.29) (Table 3). We found significant dose-response as-
sociations between cumulative number of indoor tanning
sessions and risk of trunk (RR for highest tertile, 1.33; 95% CI,
1.00-1.76) and lower limb melanomas (RR for highest tertile,
1.49; 95% CI, 1.16-1.92) but not upper limb (RR for highest ter-
tile, 1.00; 95% CI, 0.67-1.47) and head and neck melanomas
(RR for highest tertile, 0.70; 95% CI, 0.39-1.26; P = .002 for
heterogeneity).
Discussion
In this large population-based cohort study, associations with
number of large asymmetric nevi, history of sunbathing va-
cations, and history of indoor tanning differed significantly
among melanoma sites. Site-specific associations were also
found for outdoor work and freckling but with no significant
heterogeneity among sites. Skin color, hair color, number of
small symmetric nevi, residential ambient UVR exposure, and
history of sunburns were associated with increased mela-
noma risk on all sites.
Lower limb and trunk melanomas were significantly as-
sociated with younger age at diagnosis and were more likely
to be superficial spreading melanoma (less likely to be nodu-
lar or lentigo maligna melanoma), in contrast with head and
neck and upper limb melanomas; this finding agreed with the
divergent pathways hypothesis and previous reports.32 Un-
like other reports of head and neck melanoma being thickest,13
we found no significant difference in thickness among sites.
The melanocortin-1 receptor is one of the pigmentation
genes responsible for pigment variation in humans.33 The mela-
nocortin-1 receptor is highly polymorphic in white individu-
als, and the variants determine phenotypic characteristics, such
Table 1. Host and Tumor Characteristics Among Women With Incident Melanoma in the Norwegian Women
and Cancer Study by Body Site, 1991-2015 (continued)
Characteristic
No. (%)








SSM 816 (62.3) 308 (66.8) 347 (66.7) 118 (53.9) 43 (39.1)
NM 187 (14.3) 58 (12.6) 68 (13.1) 45 (20.5) 16 (14.5)
LMM 35 (2.7) 3 (0.7) 3 (0.6) 6 (2.7) 23 (20.9)
Otherb 268 (20.5) 91 (19.7) 102 (19.6) 48 (21.9) 27 (24.5)
Missing 4 (0.3) 1 (0.2) 0 2 (0.9) 1 (0.9)
Breslow thickness,
mm
<0.80 489 (37.3) 183 (39.7) 186 (35.8) 82 (37.4) 38 (34.5)
0.80-1.00 230 (17.6) 81 (17.6) 100 (19.2) 39 (17.8) 10 (9.1)
1.01-2.00 214 (16.3) 63 (13.7) 91 (17.5) 39 (17.8) 21 (19.1)
2.01-4.00 135 (10.3) 49 (10.6) 54 (10.4) 22 (10.0) 10 (9.1)
>4.00 46 (3.5) 19 (4.1) 15 (2.9) 7 (3.2) 5 (4.5)
Missing 196 (15.0) 66 (14.3) 74 (14.2) 30 (13.7) 26 (23.6)
Abbreviations: LM, lentigo maligna
melanoma; NM, nodular melanoma;
SSM, superficial spreading
melanoma.
a Excluding other and unspecified
melanomas (n = 64).
b Other subtypes and melanoma not
otherwise specified.
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as fair skin, freckling, red hair, and tanning response to UVR
exposure.34 Melanocortin-1 receptor variants are associated
with BRAF mutations and melanomas on the trunk and
limbs.34-36 In our study, light skin color, blond and yellow hair,
and freckling were associated with increased risk of trunk and
limb melanomas but not head and neck melanoma, in line with
the molecular findings. Red hair was significantly associated
with increased risk of melanoma over all sites, although asso-
ciations were strongest for the trunk and limbs. In a meta-
analysis of 24 epidemiologic studies, light hair color and freck-
ling were more strongly associated with melanoma on the trunk
and limbs, and light skin color was more strongly associated
with melanomas on the head and arms.18
Our finding of a dose-response association between the
number of large asymmetric nevi and melanoma in all sites,
with a greater dose-response association for trunk and lower
limb melanomas compared with upper limb and head and neck
melanomas, is consistent with the literature,13,16,18 as is the sig-
nificant association found between the number of small nevi
with melanoma risk on all sites.13,18 According to the diver-
gent pathway hypothesis, people with an inherently high
propensity for melanocytic proliferation (indicated by a high
nevus count) require only a modest level of sun exposure to
initiate melanoma on body sites with many nevi,12 such as the
back in men and legs in women.37 Lack of distinctive hetero-
geneity of association between the number of nevi and site of
melanoma in epidemiologic studies18 might reflect the com-
plexity of the association between sun exposure, age, num-
ber of nevi, and melanoma. The number of nevi reflects both
inherent genetic factors and sun exposure38,39 and is in-
versely associated with long-term sun exposure and increas-
ing age.40,41
The risk of head and neck melanoma was doubled with
outdoor work, with no significant association for the other sites,
supporting previous reports.13,15 Conversely, mean lifetime
number of sunburns was associated with risk of trunk and limb
melanomas but not head and neck melanomas. However, we
found no heterogeneity of association between the number of
sunburns before age 20 years or sunburns up to age 49 years
and melanoma by site, again consistent with previous








Dark 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
.84Medium 1.44 (1.26-2.02) 1.78 (1.16-2.75) 1.23 (0.87-1.75) 1.96 (1.02-3.77) 0.86 (0.41-1.79)
Light 1.89 (1.49-2.39) 2.32 (1.50-3.58) 1.61 (1.14-2.30) 2.22 (1.14-4.31) 1.53 (0.75-3.11)




1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
.62Brown 1.25 (1.03-1.52) 1.20 (0.87-1.66) 1.42 (1.03-1.95) 1.48 (0.91-2.41) 0.70 (0.39-1.25)
Blond or yellow 1.97 (1.64-2.37) 2.01 (1.48-2.72) 2.20 (1.63-3.00) 2.05 (1.29-3.28) 1.20 (0.71-2.01)
Red 3.94 (3.03-5.10) 3.30 (2.09-5.21) 4.70 (3.11-7.11) 4.97 (2.65-9.30) 2.50 (1.09-5.73)
P value for trend <.001 <.001 <.001 <.001 .06 NA
Freckling after
sunbathing
No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
.35
Yes 1.31 (1.15-1.48) 1.22 (0.99-1.51) 1.42 (1.17-1.73) 1.43 (1.05-1.96) 0.98 (0.63-1.52)
Large asymmetric
nevi on legs, No.
0 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
.021 1.77 (1.47-2.13) 1.19 (0.81-1.76) 2.72 (2.11-3.50) 1.28 (0.77-2.14) 0.84 (0.34-2.08)
≥2 2.83 (2.38-3.35) 2.67 (1.96-3.63) 3.38 (2.62-4.38) 1.96 (1.22-3.17) 2.85 (1.57-5.18)
P value for trend <.001 <.001 <.001 .005 .008 NA
Small symmetric
nevi on arms and
legs, No.
0 0.63 (0.48-0.85) 0.56 (0.33-0.97) 0.56 (0.35-0.89) 0.61 (0.33-1.14) 0.72 (0.33-1.59)
.31
1-10 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
11-50 1.51 (1.26-1.80) 1.96 (1.43-2.70) 1.39 (1.04-1.86) 1.58 (1.03-2.42) 1.38 (0.75-2.55)
≥51 2.50 (2.04-3.08) 3.48 (2.42-5.00) 2.49 (1.80-3.45) 2.19 (1.28-3.74) 2.56 (1.24-5.29)
P value for trend <.001 <.001 <.001 <.001 .004 NA
Abbreviations: NA, not applicable; RR, relative risk.
a Poison regression analysis adjusted for attained age, birth cohort, skin color,
hair color, large asymmetric nevi on legs, freckling after sunbathing, and
residential ambient UV radiation exposure.
b Test for difference by body site.
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reports,15,17 and the likelihood that sunburn is a component of
both pathways.17 The number of sunburns has been associ-
ated with actinic keratosis42 and solar elastosis,13 which are in-
dicators of long-term sun exposure, reflecting the large total
doses of UVR that multiple sunburns represent.13,17 The im-
portance of sunburn before age 20 years was notable in our
results.
The heterogeneity of association between history of sun-
bathing vacations and site-specific melanoma risk is in agree-
ment with the literature and the nevus-associated pathway.15
However, the heterogeneity of association between upper and
lower limb melanomas suggests that the risk profile of lower
limb melanomas resembles that of trunk melanomas, arising
through the nevus-associated pathway, and the risk profile of
upper limb melanomas resembles that of head and neck mela-
nomas. Moreover, our finding that history of sunbathing va-
cations before age 20 years is associated with increased risk
of lower limb melanomas is worth attention in prevention strat-
egies, considering that lower limbs are the most frequent mela-
noma sites in women. Unexpectedly, a history of sunbathing
vacations tended to be inversely associated with risk of head
and neck melanoma in our study. A pooled analysis of 13 stud-
ies reported no association between intermittent sun expo-
sure and head and neck melanomas.15 One likely explanation
for the apparent inverse association is that intermittent sun
exposure might be inversely associated with long-term sun
exposure. We found that working outdoors was significantly
associated with lower mean weeks of sunbathing vacation; also,
women diagnosed with head and neck melanoma reported
fewer weeks of sunbathing vacation compared with others.
Thus, the lower risk of head and neck melanoma might have
been negatively confounded by chronic sun exposure. How-
ever, we had no detailed information on chronic sun expo-
sure, and only a subsample of the cohort was asked about
outdoor work. Another possible explanation is false protec-
tivity, which can arise with lack of independence among com-
peting outcomes43,44 (in our study, melanoma in different
sites). If an unmeasured factor, such as a genetic or environ-
mental factor, increases the risk of one outcome or initiates it
earlier in time, it increases the probability that the individual
is censored with respect to the other outcome and can induce
a false association.
A previous study reported a dose-response association
between indoor tanning and risk of melanoma in this
cohort21; however, the study lacked power to perform a
proper site-specific analysis owing to shorter follow-up time.
Our current results suggest that, similar to sunbathing,
indoor tanning is associated with melanoma on the trunk
and lower limbs. To our knowledge, 2 other studies reported
an association between indoor tanning and site-specific risk
of melanoma,45,46 but one study lacked power to estimate for
the association with head and neck melanoma and both stud-
ies combined upper and lower limb melanomas. Thus, these
are novel findings.
Limitations
Several limitations must be noted. Lack of information on site-
specific sunburns and site-specific use of sunscreen is a limi-
tation. Moreover, we do not know if melanomas occurred on
distal or proximal parts of the limbs. It is suggested that nevus-
associated melanomas typically affect proximal limbs that are
usually intermittently exposed to the sun, whereas other mela-
nomas affect distal limbs that are usually exposed to the sun
long term32,36; thus, combining distal and proximal melano-
mas might dilute a true difference. Our results may not be gen-
eralizable to men because their site-specific pattern of sun ex-
posure may differ from that in women. We have tested many
Figure. Proportions of Annual Numbers of Sunburns, Weeks of Sunbathing,
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risk factors for multiple sites; thus, the P values must be in-
terpreted bearing this in mind.
Conclusions
This large prospective study appears to provide evidence on
divergent pathways to melanoma. Our results suggest simi-
lar associations for lower limb and trunk melanomas arising
through the nevus-associated pathway, whereas upper limb
and head and neck melanomas arise through the long-term
sun exposure pathway. Our results suggest that, similar
to sunbathing, indoor tanning is associated with trunk
and lower limb melanomas. Moreover, our finding that
sunbathing vacations before the age of 20 years is associ-
ated with significantly increased risk of lower limb melano-
mas highlights the importance of starting sun protection
early in life.
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